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(54) Vehicular velocity controlling apparatus and method to follow up a preceding vehicle on 
curves 



(57) An inter-vehicle distance (L) and a relative 
velocity (AV) of the vehicle to a preceding vehicle are 
detected. The velocity (Vs) of the vehicle is also 
detected. A target value (V*s) of the vehicular velocity to 
make the inter-vehicle distance substantially equal to a 
target value (L*) is calculated on the basis of the 
detected inter-vehicle distance (L) and vehicular veloc- 
ity (Vs). The vehicular velocity is controlled to make it 
substantially equal to the target velocity value (V*s). A 
turning magnitude, for example, lateral acceleration (Y G ) 
of the vehicle is detected. A correction coefficient (AY G ) 
of the turning magnitude is calculated in accordance 
with the detected vehicular velocity (Vs). The target 
velocity value (V*s) is corrected on the basis of the turn- 
ing magnitude correction coefficient (AY G ) by which the 
detected turning magnitude (Y G ) is corrected. 
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Description 

[0001] The present invention relates to vehicular velocity controlling apparatus and method to follow up a preceding 
vehicle which is running ahead of the vehicle with an appropriate inter-vehicle distance maintained. 
5 [0002] Japanese Patent Application First Publication No. Heisei 7-47864 published on February 21 , 1 995 exempli- 
fies a previously proposed vehicular velocity controlling apparatus enabled for the vehicle to follow up the preceding 
vehicle at a safe inter-vehicle distance. 

[0003] In the previously proposed vehicular velocity controlling apparatus, the safe inter-vehicle distance to the pre- 
ceding vehicle is determined with a road surface condition and a vehicular running state taken into consideration and 
10 an engine output is controlled to make an actual inter-vehicle distance to the preceding vehicle substantially equal to 
the safe inter-vehicle distance. 

[0004] Since, in the previously proposed vehicular velocity controlling apparatus, the safe inter-vehicle distance is 
determined and the engine output is controlled to make the actual inter-vehicle distance coincident with the safe inter- 
vehicle distance even when the vehicle is running on a curved road, the vehicle is, in a steady state, running to follow 
15 up the preceding vehicle at the same velocity as the preceding vehicle. Hence, it cannot be guaranteed that the vehic- 
ular velocity on the curved road is appropriate for the vehicle to run on the curved road. The vehicular velocity of the 
preceding vehicle is often too fast to a vehicular occupant(s). Consequently, the same vehicular velocity as the preced- 
ing vehicle gives the vehicular driver a mismatch to the driver's driving sense. 

[0005] Another proposed vehicular velocity controlling apparatus has been proposed in which a vehicular velocity 
20 decrement variable (deceleration) of a target vehicular velocity is calculated uniquely according to a magnitude of a lat- 
eral acceleration developed on a vehicular body of the vehicle and the target vehicular velocity is corrected in accord- 
ance with the decrement variable. In the other previously proposed vehicular velocity controlling apparatus, such a 
trade-off would occur that the vehicle is too decelerated in a low velocity region and, on the other hand, has insufficient 
decrement variable in a high velocity region. 
25 [0006] It is, therefore, an object of the present invention to provide vehicular velocity controlling apparatus and 
method which can perform an appropriate preceding vehicle follow-up run control during turning of the vehicle on a 
curved road (so-called cornering) without giving the vehicular driver a mismatch to the driver's sense of vehicular driv- 
ing. 

[0007] According to one aspect of the present invention, there is provided a vehicular velocity controlling apparatus 
30 for an automotive vehicle, comprising: an inter-vehicle distance detector to detect an inter-vehicle distance from the 
vehicle to a preceding vehicle which is running ahead of the vehicle; a relative velocity detector to detect a relative 
velocity of the vehicle to the preceding vehicle; a vehicular velocity detector to detect a vehicular velocity of the vehicle; 
an inter-vehicle distance controlling section that calculates a target value of the vehicular velocity to make a detected 
value of the inter-vehicle distance substantially equal to a target value of the inter-vehicle distance on the basis of the 
35 detected value of the inter-vehicle distance and a detected value of the vehicular velocity; a vehicular velocity controlling 
section that controls the vehicular velocity to make the detected value of the vehicular velocity substantially equal to the 
target value of the vehicular velocity; a vehicular turning magnitude detector to detect a magnitude of a turning of the 
vehicle; a correction coefficient calculating section that calculates a correction coefficient of the magnitude of the turn- 
ing in accordance with the detected value of the vehicular velocity; and a target vehicular velocity correcting section that 
40 corrects the target value of the vehicular velocity on the basis of the turning magnitude correction coefficient by which 
the detected value of the turning magnitude is corrected. 

[0008] According to another aspect of the present invention, there is provided a vehicular velocity controlling 
method for an automotive vehicle, comprising: detecting an inter-vehicle distance from the vehicle to a preceding vehi- 
cle which is running ahead of the vehicle: detecting a relative velocity of the vehicle to the preceding vehicle; detecting 

45 a vehicular velocity of the vehicle; calculating a target value of the vehicular velocity to make a detected value of the 
inter-vehicle distance substantially equal to a target value of the inter-vehicle distance on the basis of the detected value 
of the inter-vehicle distance and a detected value of the vehicular velocity; controlling the vehicular velocity to make the 
detected value of the vehicular velocity substantially equal to the target value of the vehicular velocity; detecting a mag- 
nitude of a turning of the vehicle; calculating a correction coefficient of the magnitude of the turning of the vehicle in 

so accordance with the detected value of the vehicular velocity; and correcting the target value of the vehicular velocity on 
the basis of the turning magnitude correction coefficient by which the detected value of the turning magnitude is cor- 
rected. 

[0009] This summary of the invention does not necessarily describe all necessary features so that the invention 
may also be a sub-combination of these described features. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

5 Fig. 1 A is a schematic circuit block diagram of a preferred embodiment of a vehicular velocity controlling apparatus 

applicable to a rear road wheel drive vehicle. 

Fig. 1 B is a schematic internal circuit block diagram of a follow-up run controller shown in Fig. 1 A. 
Fig. 2 is a functional circuit block diagram of a specific example of a follow-up run controller shown in Fig. 1 B. 
Fig. 3 is an operational flowchart executed as a vehicular velocity control procedure in a vehicular velocity control- 
io ling section shown in Fig. 2. 

Fig. 4 is an explanatory view for explaining an correction coefficient calculation map with respect to a vehicular 
velocity of the vehicle. 

Fig. 5 is an explanatory view for explaining a vehicular velocity decrement variable calculation map with respect to 
a lateral acceleration correction coefficient. 
75 Fig. 6 is a timing chart for explaining a relationship between a selected vehicular velocity and a vehicular velocity 

command value in the vehicular velocity controlling section shown in Fig. 2. 

Figs. 7A through 7E are integrally a timing chart for explaining an operation of the vehicular velocity controlling 
apparatus shown in Fig. 1A when the vehicle turns on a large corner (curved road) at a relatively low velocity 
region. 

20 Figs. 8A through 8E are integrally a timing chart for explaining the operation of the vehicular velocity controlling 

apparatus when the vehicle turns on the large corner (curved road) at a relatively high velocity region. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

25 [001 1 ] Reference will hereinafter be made to the drawings in order to facilitate a better understanding of the present 
invention. 

[0012] Fig. 1 A shows a schematic circuit block diagram of a vehicular velocity controlling apparatus in a preferred 
embodiment according to the present invention. 

[0013] In Fig. 1 A, C denotes an automotive vehicle in which the vehicular velocity controlling apparatus of the pre- 
30 ferred embodiment is mounted. In the vehicle C, a radar unit type inter-vehicle distance sensor 1 (simply, referred to as 
an inter-vehicle distance sensor) is disposed on a front end of the vehicle C to sweep a laser beam in a front width-wise 
direction (a front detection zone) of the vehicle C and receives a reflected laser beam from an object (namely, so-called, 
a preceding vehicle which is running ahead of the vehicle) present in the front width-wise direction. It is noted that the 
inter-vehicle distance sensor 1 may measure the inter-vehicle distance to the trapped preceding vehicle utilizing an 
35 electric wave or ultrasonic wave. 

[0014] A rotational driving force developed on an engine E (a rotary driving source) is transmitted through an auto- 
matic transmission T to drive wheels such as rear road wheels or front road wheels. A gear ratio of the automatic trans- 
mission T is controlled via an automatic transmission controller TA according to a vehicular velocity and an engine 
torque. A vehicular brake system B including a disc brake disposed on each road wheel is installed in the vehicle C. 
AO [001 5] A vehicular velocity sensor 2 is attached onto an output axle of the automatic transmission T. A pulse train 
signal is outputted having a period corresponding to a rotational velocity of the output axle of the automatic transmission 
T. 

[0016] In addition, a throttle actuator 3 is disposed in the engine E to actuate an engine throttle valve to be open or 
closed in accordance with a throttle valve opening angle signal inputted thereto via an engine output controller 3A so 
45 that an intake air quantity supplied to the engine E is varied to adjust an engine output. A lateral acceleration sensor (or 
so-called lateral G sensor) 4 is disposed to detect a lateral acceleration Y G developed on a vehicular body. The lateral 
G sensor 4 outputs a voltage signal in accordance with a lateral acceleration Y G . 

[0017] Furthermore, a follow-up run controller 5 controls the throttle actuator 3, the automatic transmission T, and 
the vehicular brake system B. 

so [0018] The follow-up run controller 5 controls the throttle actuator 3, the automatic transmission T (gear ratio 
thereof), and the vehicular brake system B on the basis of the inter-vehicle distance L detected by the inter-vehicle dis- 
tance sensor 1 and the vehicular velocity Vs of the vehicle C detected by the vehicular velocity sensor 2 so that the vehi- 
cle C can follow up the preceding vehicle, maintaining an appropriate inter-vehicle distance to the preceding vehicle. 
[0019] Fig. 1 B shows an internal circuit configuration of the follow-up run controller 5 shown in Fig. 1 A. 

55 [0020] The follow-up run controller 5 includes a microcomputer having a CPU (Central Processing Unit) 5a, a ROM 
(Read Only Memory) 5b, a RAM (Random Access Memory) 5c, a common bus, an Input Port 5e, and an Output Port 
5d. It is noted that a timer is provided in the CPU 5a. 

[0021] Fig. 2 shows a functional circuit block diagram of the vehicular velocity controlling apparatus shown in Fig. 
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1A. 

[0022] The follow-up run controller 5 functionally includes: a distance measurement signal processing section 21 
that measures a time duration from a time point at which the laser light beam is swept from the inter-vehicle distance 
sensor 1 to a time point at which the reflected laser light beam is received thereat to calculate the inter-vehicle distance 

5 L to the preceding vehicle; a vehicular velocity signal processing section 22 that measures a period of the vehicular 
velocity indicative pulse train signal from the vehicular velocity sensor 2; an acceleration signal processing section 30 
including an analog-to-digital converter (A/D converter) to convert the output voltage signal from the lateral G sensor 4 
to the corresponding digital value Y G ; an inter-vehicle distance controlling section 40 that calculates a target value of 
the vehicular velocity V* to maintain the inter-vehicle distance L calculated by the distance measurement signal 

w processing section 21 at a target value of the inter-vehicle distance L* on the basis of the inter-vehicle distance L and 
the vehicular velocity Vs calculated by the vehicular velocity signal processing section 22; and a vehicular velocity con- 
trolling section 50 that controls the vehicular velocity Vs of the vehicle to make the detected value Vs of the vehicular 
velocity substantially equal to the target value of the vehicular velocity V* by controlling the opening angle of the throttle 
valve of the engine E through the throttle actuator 3, the gear ratio of the automatic transmission T, and a braking pres- 

15 sure of the vehicular brake system B on the basis of the target value of the vehicular velocity V* and the relative velocity 
AV 

[0023] The relative velocity calculating section 41 is constituted by a band pass filter (BPF) which processes the 
inputted inter-vehicle distance L in a, e.g., band pass filter. 

[0024] The band pass filter has its transfer function that can be expressed in the following equation (1). 
20 [0025] Since a differential term of a Laplace transform operator s is included in a numerator of the equation (1 ), the 
relative velocity AV is substantially approximated from the differentiation of the inter-vehicle distance L 



25 



F(s) = a>c 2 s/(s 2 + 2 Cccocs + coc 2 ) (1). 



[0026] It is noted that, in the equation (1), (oc = 2n1c and £c denotes a damping factor. 

[0027] As described above, since the band pass filter having the transfer function as given by the equation (1) is 
used as the relative velocity calculating section 41 , the calculation of the relative velocity AV through the use of the band 
30 pass filter having the transfer function as expressed in the equation (1) can avoid such inconveniences that a case 
wherein the relative velocity AV is calculated through a simple differential calculation from a variation rate of the inter- 
vehicle distance per unit time is susceptible to noise interference and is easy to give an ill influence on a vehicular 
behavior so that fluctuations in the vehicular body occur during the follow-up run control. 

[0028] It is noted that a cut-off frequency fc of the equation (1) is determined according to a magnitude of a noise 
35 component included in the inter-vehicle distance L and an allowance value of the vehicular body in a short period of 
time. 

[0029] In addition, the calculation of the relative velocity A V may alternatively be carried out by a differential proc- 
ess using a high pass filter to the inter-vehicle distance L in place of the band pass filter described above. 
[0030] In addition, the target inter-vehicle distance setting section 42 calculates the target inter-vehicle distance L* 
40 in accordance with the following equation (2) from a vehicular velocity of the preceding vehicle ( Vt = Vs + AV ) calcu- 
lated by an addition of the vehicular velocity to the relative velocity AV and at a time duration To (so-called, an inter-vehi- 
cle time duration) during which the vehicle has reached to a position L 0 (meters) behind the present position of the 
preceding vehicle. 

[0031 ] That is to say, L* = Vt x T 0 + Ls (2) . 

45 [0032] Since a concept of the inter-vehicle distance time duration is introduced into the calculation of the target 
inter-vehicle distance L* is set in such a manner that as the vehicular velocity becomes faster, the inter-vehicle distance 
becomes large (wide). 

[0033] In the equation (2), Ls denotes an initial inter-vehicle distance when the vehicle stops. 
[0034] Furthermore, the inter-vehicle distance calculating section 43 calculates the command value L T of the inter- 
50 vehicle distance on the basis of the actual inter-vehicle distance L, the target inter-vehicle distance L*. and the relative 
velocity AV to follow up the preceding vehicle maintaining the inter-vehicle distance L* in a second lag order form is car- 
ried out in accordance with a reference model G T (s) expressed in the following equation (3) using the damping factor 
£c and the specific angular frequency coc determined for the response characteristic to be the target vehicular velocity 
so that the inter-vehicle distance command value V T is calculated. 
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[0035] Furthermore, the target vehicular velocity calculating section 44 calculates the target vehicular velocity V* 
using a feedback compensator on the basis of the inputted inter-vehicle distance command value L T 
[0036] That is to say, the target relative velocity AV is first calculated, as expressed in an equation (4), by subtracting 
a linear connection between a value of a multiplication of a distance control gain fd and a deviation (L* - L) between the 
target inter-vehicle d stance L* and the actual inter-vehicle distance L and a value of the multiplication of a velocity con- 
trol gain fv with the relative velocity AV from a vehicular velocity of the vehicular velocity Vt of the preceding vehicle. 
[0037] Namely. V = V: - {td(L T - L) + f v V) (4) . 

[0038] The vehicular velocity controlling section 50 controls the opening angle of the engine throttle valve through 
10 the throttle actuator 3. the gear position of the automatic transmission T, and braking force of the vehicular brake system 
B via the brake actuator to make the vehicular velocity Vs substantially equal to the target vehicular velocity V* and car- 
ries out the correction cf the vehicular velocity during the turning of the corner on the basis of the lateral acceleration 
Y G detected by the lateral acceleration sensor 4. 

[0039] In details, the vehicular velocity controlling apparatus 50 executes a timer interrupt routine for every prede- 
15 termined time duration (tor example. 1 0 milliseconds) with respect to a main program routine. 

[0040] Fig. 3 shows a vehicular velocity control procedure as the timer interrupt routine in a case of the vehicular 
velocity controlling apparatus in tnc preferred embodiment shown in Fig. 1A. 

[0041] First at a step S1 , the vehicular velocity controlling section 50, namely, the follow-up run controller 5 reads 
the target vehicular velocity V calculated by the inter-vehicle distance controlling section 40, reads the set vehicular 
velocity V SET by the vehicular driver, and selects one of the read vehicular velocity values V* and VSET which is smaller 
than the other as a selected target vehicular velocity V*s (V*s = MIN[ V*. V SET ] . 
[0042] At the next step S2. the vehicular velocity controlling section 50 reads the vehicular velocity Vs from the 
vehicular velocity signal processing section 22. 

[0043] At the next step S3, the vehicular velocity controlling section 50 reads the lateral acceleration value Y G con- 
25 verted by the lateral acceleration signal converting section 30. 

[0044] At the next step S4, the vehicular velocity controlling section 50 calculates the correction coefficient A Y G for 
the lateral acceleration Y G by referring to a correction coefficient calculation map shown in Fig. 4 on the basis of the 
read vehicular velocity Vs at the step SI . Then, the routine goes to a step S5. 

[0045] It is noted that the correction coefficient calculation map has, as shown in Fig. 4, its lateral axis along, which 
the vehicular velocity value Vs is taken and its longitudinal axis along which the correction coefficient AY G to the lateral 
acceleration Y G is taken. 

[0046] For example, in a vehicular velocity region where the value of the vehicular velocity Vs is equal to or below 
a first predetermined velocity value V1 , the correction coefficient AY G gives a first predetermined value AY G1 . 
[0047] In another vehicular velocity region where the vehicular velocity Vs is in excess of the first predetermined 
velocity value V1 and is up to a second predetermined velocity value V2, the correction coefficient AY G is decreased by 
a relatively steep gradient in accordance with the increase in the vehicular velocity Vs. During a vehicular velocity region 
above the second predetermined velocity value V2 and up to a third predetermined velocity value V3, the correction 
coefficient AY G is decreased at a relatively moderate gradient as compared with the gradient in the above-described 
vehicular velocity Vs. 

40 [0048] When the vehicular velocity Vs is in excess of a third predetermined velocity value V3, the correction coeffi- 
cient AY G is decreased at the slightly more moderate gradient than the region at V2 to V3. These are appreciated from 
Fig- 4. 

[0049] At the step S5, the vehicular velocity controlling section 50 calculates a lateral acceleration correction value 
Y GC by subtracting the correction coefficient AY G from an absolute value of the lateral acceleration Y G 

45 ( y gc = iy g' " AY G>- 

[0050] At the next step S6, the vehicular velocity controlling section 50 determines whether the lateral acceleration 
corrected value Y GC calculated at the step S4 is equal to zero or positive or not (Y GC s0). 
[0051] If Y GC > 0 (Yes) at the step S6, the routine goes to a step S7. 

[0052] At the step S7, the vehicular velocity controlling section 50 refers to a calculation map on a vehicular velocity 
so decrement variable V D shown in Fig. 5 to derive a vehicular velocity decrement variable V 0 and the routine goes to a 
step S9. If Y GC > 0 (No) at the step S6, the routine goes to a step S8. At the step S8, the vehicular velocity decrement 
variable V D is set to zero and the routine goes to the step S9. 

[0053] It is noted that the vehicular velocity decrement variable calculation map, as shown by Fig. 5, has its lateral 
axis along which the lateral acceleration corrected value Y GC (G) is taken and its longitudinal axis along which the 
55 vehicular velocity decrement variable V D (G) is taken. The vehicular velocity decrement variable V D indicates zero when 
the lateral acceleration corrected value Y GC indicates zero. 

[0054] While the lateral acceleration corrected value Y GC is increased up to a first predetermined correction value 
Y GC1 , the value of V D is progressively increased. While the value of Y GC is increased up to a vicinity to a second pre- 
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determined correction value Y GC2l the gradient of the correction value Y GC is decreased. Thereafter, the gradient is 
increased up to a third predetermined correction value Y GC3 . When Y GC a Y GC3 , the gradient of the value of V D 
becomes approximately zero. Such a characteristic line L as described above is drawn in Fig. 5 as denoted by a solid 
line. 

5 [0055] Referring back to Fig, 3, at a step S9, the vehicular velocity decrement variable V D is converted into a vehic- 
ular velocity correction variable Vc (Km/h) which is the variation rate of the vehicular velocity per unit time. 
[0056] At the next step S1 0, the vehicular velocity controlling section 50 subtracts the vehicular velocity correction 
value Vc from a previous vehicular velocity command value V T (n-1 ) to derive a previously corrected vehicular velocity 
command value V REG . 

w [0057] At the next step S1 1 , the vehicular velocity controlling section 50 compares the previously corrected vehic- 
ular velocity command value V REG with the selected target vehicular velocity V*. If V REG < V*s at the step S1 1 , the rou- 
tine goes to a step S1 2. 

[0058] At the step S1 2, a present vehicular velocity command value Vj(n-1 ) is calculated by adding an acceleration 
set vehicular velocity AV A to the previously corrected vehicular velocity command value V REG and the routine goes to a 
15 step S15. 

[0059] If V REG = V*s at the step S1 1 , the routine goes to a step S1 3. 
[0060] At the step S13, V T (n) = V REG . 

[0061] If V REG > V*s at the step S1 1 , the routine goes to a step S14. 

[0062] At the step S14, the present vehicular velocity command value V T (n) is calculated by subtracting a deceler- 
20 ation set vehicular velocity A V D from the previously corrected vehicular velocity command value V REG 
(V T (n) = V REF -AV D ). ' 

[0063] At the step S1 5, the vehicular velocity controlling section 50 controls the throttle valve opening angle via the 
throttle actuator 3, the gear position of the automatic transmission T and the braking force of the vehicular brake system 
B on the basis of the above-described present vehicular velocity command value V T (n). 
25 [0064] Then, the present timer interrupt routine is ended and control is returned to the main program routine. 

[0065] The step S3 and the lateral acceleration (G) sensor 4 correspond to vehicular turning magnitude detecting 
means, the step S4 corresponds to correction coefficient calculating means, the steps S5 to S10 correspond to target 
vehicular velocity correcting means. 

[0066] Hence, as shown in Fig. 6, the vehicular velocity controlling section 50 sets one of the target vehicular veloc- 
30 ity V* selected by the inter-vehicle distance controlling section 40 and the set vehicular velocity V SET by the vehicular 
driver which is smaller than the other as the selected target vehicular velocity Vs*, is increased by the vehicular set 
vehicular velocity V A when the present vehicular velocity command value V T (n) is smaller than the selected target vehic- 
ular velocity Vs*, and is decreased by the deceleration set vehicular velocity V D when the present vehicular velocity 
command value V T (n) is larger than the selected target vehicular velocity Vs*. Then, the vehicular velocity Vs is thus 
35 controlled in the way as described above to follow up the preceding vehicle. 

[0067] Next, an operation of the above-described vehicular controlling apparatus in the preferred embodiment will 
be described below with reference to Figs. 7A through 8E. 

[0068] Suppose now that the vehicle is running straightly on, for example, a city street maintaining the target inter- 
vehicle distance to the preceding vehicle which is running at a constant velocity (cruising) at a time point to, as shown 
40 in Fig. 7A. In this state, the actual inter-vehicle distance L is made generally equal to the target inter-vehicle distance L* 
as shown in Fig. 7B. Since the preceding vehicle is running at the constant velocity and the inter-vehicle distance Lr is 
made coincident with the actual inter-vehicle distance L. The vehicular velocity V* is made equal to the preceding vehi- 
cle. 

[0069] At this time, the vehicle is running straightly. Hence, the lateral acceleration Y G detected by the lateral accel- 
45 eration sensor 4 maintains approximately zero as shown by Fig. 7C. 

[0070] The vehicular velocity Vs is in a low vehicular velocity region. 

[0071] Since the correction coefficient AY G calculated at the step S4 in Fig. 3 indicates AY G1 (first predetermined 
value), the lateral acceleration Y GC calculated by the step S5 indicates - AY G1 as shown in Fig. 70. Hence, the routine 
goes from the step S6 to the step S8. Therefore, the routine goes from the step S6 to the step S8. Therefore, the vehic- 

50 ular velocity decrement variable V D is set to zero G as shown by Fig. 7E. 

[0072] The previous corrected vehicular velocity command value V REG calculated at the step S1 0 is made equal to 
the previous vehicular velocity command value V*r(n -1 ). At this time, since the value of V REG is made equal to the per- 
vious vehicular velocity command value V T (n -1 ). At this time, since the value of V REG is made equal to the target vehic- 
ular velocity V*, the routine goes to the step S1 1 to the step S13. The present vehicular velocity command value V T (n 

55 -1) is made equal to the previous vehicular velocity command value V T (n -1). The routine goes to the step S15. The 
throttle actuator 3 is controlled so that the opening angle of the throttle valve is adjusted to an angle such as to maintain 
the target vehicular velocity V* and the follow up run state at the cruise velocity is maintained. 

[0073] Thereafter, when the preceding vehicle is about to enter a corner having a relatively large radius of curva- 
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ture the vehicle is, at a time point t2 shown in Fig. 7A, about to enter the same cornering. At the time point t2. the lateral 
acceleration Y G detected by the lateral acceleration sensor 4 is increased. Since the radius of curvature of the corner 
is large, the lateral acceleration YG is not so large. In addition, the vehicular velocity is in the relatively low velocity 
region, the correction coefficient AY G gives the first predetermined value AY G1 at the step S8 in Fig. 3. 
5 [0074] The lateral acceleration correction value Y GC continues to indicate a negative value. The vehicular velocity 
decrement variable V D continues to indicate the state of zero and the vehicle is continued to follow up the preceding 
vehicle at the target inter-vehicle distance L*. 

[0075] At a time point t2, the preceding vehicle has passed, for example, about half the corner to run at an acceler- 
ate state. Accordingly, the actual inter-vehicle distance L detected by the inter-vehicle distance sensor 1 is increased 
w by the target inter-vehicle distance L*, as denoted by a dot-and-dash line of Fig. 7A. 

[0076] The lateral acceleration corrected value Y GC continues to indicate a negative value. 

[0077] Hence the vehicular velocity decrement variable V D maintains zero G. Since the target vehicular velocity V* 
,s .no eased the routine goes from the step S1 1 to the step S12. The acceleration set vehicular velocity AV A is added 
to the pr^vous corrected vehicular velocity command value V T (n). Accordingly, the vehicular velocity Vs is increased at 
15 a :«me po.n: t3 with a predetermined response delay. 

[0078] T*c lateral acceleration Y G is also increased which is detected by the lateral acceleration (G) sensor 4. 
When, at a t«rr C pomi t4, the lateral acceleration sensor value Y G is slightly in excess of the correction coefficient AY G 
as shown m F<j 7D indicates a positive value. 

[0079] Mence the routine goes from the step S6 to the step S7. The vehicular velocity decrement variable V D cal- 
20 cUated by retemrg to Fig. 4 is increased from zero G. The vehicular velocity correction value Vc calculated is increased 
from 0 km/h H*nce. the previous corrected vehicular velocity command value V REG is decreased and the increase of 
the target vehcuiar velocity V* is continued. Therefore, the routine goes from the step S1 1 to the step S12. Hence, the 
acceleration set vehicular velocity A V A is added to the previous corrected vehicular velocity command value V REG . The 
increase of the present vehicular velocity command value V T (n) is slightly suppressed by the decrease in the previous 
25 corrected vehicular velocity command value Vre G . 

[0080] Thereafter, as the lateral acceleration Y G is increased in the positive direction, the vehicular velocity correc- 
tion value Vc is accordingly increased. 

[0081 ] The vehicular velocity correction value Vc is subtracted from the previous corrected vehicular velocity com- 
mand value V Hi c Therefore, the vehicular velocity command value V T is slightly reduced as compared with a case 
where no correction of the lateral acceleration is made so that the vehicular velocity is controlled so as to coincide with 
the vehicular velocity command value Vj. 

[0082] At this time, the actual inter-vehicle distance L is controlled in a state slightly larger than the target inter-vehi- 
cle distance 1/ and tie vehicle is accelerated to follow up the accelerating preceding vehicle. 

[0083] Suppose however, that the preceding vehicle is about to enter the same corner at the relatively high velocity 
region and the vehicle is running to follow up the preceding vehicle. Hence, the correction coefficient AY G calculated at 
the step S8 in the inter-vehicle distance controlling section 40 in Fig. 3 becomes smaller by about one-fourth the cor- 
rection coefficient at the relatively low vehicular velocity region. In addition, since the lateral acceleration Y G detected 
by the lateral acceleration sensor 4 becomes large as compared with the acceleration sensor as shown in Fig. 8C. 
[0084] As shown in Fig. 8A, the correction coefficient value AY G calculated at the step S8 in the inter-vehicle dis- 
40 tance control procedure in Fig. 3 becomes smaller by about one-fourth the correction coefficient at the relatively low 
vehicular velocity region. In addition, since the lateral acceleration Y G detected by the lateral acceleration sensor 4 
becomes large as compared with a case of the low vehicular velocity region as shown in Fig. 8C. As shown in Fig. 8D, 
the lateral acceleration correction value Y GC indicates some positive value at a time point tV immediately after the time 
point t1 shown in Fig. 8A. Accordingly, the vehicular velocity decrement variable V D is increased as shown in Fig. 8E. 
45 Hence, the previous corrected vehicular velocity command value V REG is quickly started to be decreased. In addition, 
an increase tendency of the vehicular velocity command value V T (n) becomes dull as compared with a case where no 
limitation on the lateral acceleration Y G denoted by a broken line shown in Fig. 8A. 

[0085] Thereafter, when the acceleration of the preceding vehicle is started at a later half the corner at a time point 
t2 the actual inter-vehicle distance L is increased by the target inter-vehicle distance L\ Hence, the target vehicular 

so velocity V* is increased. The lateral acceleration correction (or corrected) value Y GC is accordingly increased. The 
vehicular velocity decrement variable V D is quickly increased. If the vehicular velocity decrement variable V D becomes 
equal to the acceleration corresponding to the acceleration set vehicular velocity AV A , the target vehicular velocity V* is 
accordingly increased. Then, the present vehicular velocity command value V T (n) becomes equal to the previous vehic- 
ular velocity command value V T (n - 1 ) so that the vehicular velocity is held. 

55 [0086] Thereafter, the lateral acceleration Y G is increased so that the vehicular velocity decrement variable V D is in 
excess of the acceleration corresponding to the acceleration set vehicular velocity AV A . At this time, the present vehic- 
ular velocity command value V T (n) calculated at the step S12 becomes smaller than the previous vehicular velocity 
command value V T (n - 1 ). Therefore, the vehicle is in the deceleration control state and the vehicular velocity Vs is 
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decreased. The acceleration state of the vehicle when the vehicle is passing the corner at the relatively high vehicular 
velocity region is suppressed so that no mismatch to the driver's driving sense occurs and an optimum vehicular velocity 
control during the corner can be achieved. 

[0087] Thereafter, when the lateral acceleration Y G detected by the lateral acceleration sensor 4 becomes smaller, 
5 the vehicle passing the corner, the lateral acceleration corrected value Y GC becomes accordingly small. 

[0088] At this time, since the lateral acceleration correction value T GC becomes accordingly small. 

[0089] At this time, since the lateral acceleration correction value Y GC becomes accordingly small, the vehicular 

velocity decrement variable V D indicates the small value. Hence, the target vehicular velocity corrected value Vc w 

approaches to the target vehicular velocity Vc. When the vehicle is running straight, the lateral acceleration corrected 
10 value Y GC indicates a negative value. Then, the vehicular velocity decrement variable value V D indicates zero. 

[0090] Hence, the target vehicular velocity correction value Vc* approaches to the target vehicular velocity Vc. 

When the vehicle is running straight, the lateral acceleration corrected value Y GC indicates negative and the vehicular 

velocity decrement variable V D indicates zero. 

[0091] The target vehicular velocity V* is directly supplied to the vehicular velocity controlling section 50. Therefore, 
15 the vehicle is returned to the follow-up run state in which the actual inter-vehicle distance L is substantially made equal 
to the target inter-vehicle distance L* and the vehicle is returned to the follow-up run state. 

[0092] In addition, when the vehicle is running with the preceding vehicle not trapped, the set vehicular velocity 
V SET is set as the selected target vehicular velocity V*s to maintain the set vehicular velocity V SET . In this case, when 
the lateral acceleration Y G detected by the lateral G sensor 4 is increased during the entrance of the corner. 
20 [0093] The vehicular velocity decrement variable V D in accordance with the lateral acceleration Y G and the vehic- 
ular velocity Vs is calculated. At this time, the vehicular velocity decrement variable V D in accordance with the lateral 
acceleration Y G and the vehicular velocity Vs is reduced. 

[0094] An optimum vehicular velocity control can, thus, be achieved without occurrence of the mismatch to the 
driver's driving sense. 

25 [0095] In the above-described embodiment, the correction coefficient AY G of the lateral acceleration Y G is set 
according to the vehicular velocity Vs. Then, the lateral acceleration correction value Y GC is calculated. Since the vehic- 
ular velocity decrement variable V D based on the lateral acceleration corrected value Y GC is calculated, the vehicle is 
to follow up the preceding vehicle in a state near the target vehicular velocity V*. The vehicular velocity control in accord- 
ance with the driver's driving sense can be made when the vehicle is running at the corner at the relatively high velocity 

30 region. Giving the mismatch to the vehicular driver's driving sense can accurately be eliminated. 

[0096] Although, in the embodiment described above, the correction coefficient AY G is calculated by referring to the 
correction coefficient calculation map at the step S8 in the vehicular velocity controlling procedure of Rg. 3, the vehic- 
ular velocity controlling section 50 may determine if the vehicular velocity Vs is equal to or below the first predetermined 
vehicular velocity value V1 . If Vs m V1 , the correction coefficient AY G may indicate the predetermined gradient AY G1 . If 

35 Vs < V1 , the correction coefficient AY G may be calculated in accordance with the equation approximated to the charac- 
teristic line of Fig. 4. Alternatively, if Vs % 0, the correction coefficient AY G may indicate the predetermined value of AY G1 
or may linearly be decreased in accordance with the increase in the vehicular velocity Vs. 
[0097] As the vehicular velocity Vs is increased, the correction coefficient may linearly be decreased. 
[0098] In addition, in the vehicular decrease calculation map shown in Fig. 5, a straight line approximation as 

40 denoted by a broken line in Fig. 5 may be performed. In accordance with an equation of an approximate straight line, 
the vehicular velocity decrement variable V D may be calculated. 

[0099] Furthermore, although, in the embodiment, the lateral acceleration sensor 4 is applied as the turning mag- 
nitude detecting means, a yaw rate (yaw angular velocity) sensor may be applied in place of the lateral G sensor. 
[0100] The lateral acceleration Y G (= \|/ • Vs) may, then, be calculated by multiplying the vehicular velocity Vs 
45 with the detected yaw rate. 

[0101] Furthermore, a steering angle sensorto detect a steering angular displacement of a vehicular steering sys- 
tem may be applied in place of the lateral acceleration sensor. 

[0102] The detected steering anguiar displacement e of a vehicular steering system may be applied in place of the 
lateral acceleration sensor. 

so [0103] The detected steering angular displacement 6 may be used to calculate the lateral acceleration Y G using the 
following equation (5). In summary, the vehicular running condition during the turning on the curved road (during the 
cornering) may be detected. 

Y G = Vs 2 xG/(SFxVs 2 + 1)xl_wxGs (5) 

55 

[0104] In the equation (5), SF denotes a stability factor, Lw denotes a wheel base, Gs denotes a steering gear ratio. 
[0105] In the embodiment, the correction coefficient AY G according to the vehicular velocity Vs by the vehicular 
velocity controlling section 50 is used to correct the lateral acceleration Y G to derive the lateral acceleration correction 
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value Y GC . The vehicular velocity decrement variable V D is, then, calculated on the basis of the lateral acceleration cor- 
rection value Y GC and, then, is used to derive the vehicular velocity command value V T . 

[0106] However, the target vehicular velocity V* calculated by the inter-vehicle distance controlling section 40 may 
be decremented by the vehicular velocity corrected value Vc which accords with the vehicular velocity decrement vari- 
5 able value V D to calculate the corrected value Vc to calculate a corrected target vehicular velocity Vc* and the vehicular 
velocity controlling section may control the vehicular velocity Vs to make the vehicular velocity Vs substantially equal to 
the corrected target vehicular velocity Vc. 

[0107] Although, in the embodiment described above, the target inter-vehicle distance L* is calculated on the basis 
of the vehicular velocity Vt of the preceding vehicle. However, the vehicular velocity Vs of the vehicle C may be applied 
w in place of the vehicular velocity of the preceding vehicle Vt. 

[0108] Although, in the above -described embodiment, the follow-up run controllers executes the inter-vehicle dis- 
tance calculating procedure, a hardware of an electronic circuitry such as a combination of function generators, com- 
parators, and arithmetic/logic unit may be applied. 

[0109] Although, in the embodiment, the present invention is applicable to the rear wheel drive vehicle as shown in 
15 Fig. 1 A. However, the present invention may alternatively be applied to a front wheel drive vehicle. 

[0110] Although, in the embodiment, the engine E is applied as the rotary driving source, the present invention may 
be applied to an electric motor vehicle whose driving source is the electric motor or to a hybrid vehicle whose driving 
source is the electric motor or the engine. 

[0111] The entire contents of Japanese Patent Application No. Heisei 1 1-168262 (filed in Japan on June 15, 1999) 
20 are herein incorporated by reference. Although the invention has been described above by reference to certain embod- 
iment of the invention, the invention is not limited to the embodiments described above. Modifications and variations of 
the embodiments described above will occur to those skilled in the art in the light of the above teachings. The scope of 
the invention is defined with reference to the following claims. 



25 Claims 



1 . A vehicular velocity controlling apparatus for an automotive vehicle, comprising: 

an inter-vehicle distance detector to detect an inter-vehicle distance from the vehicle to a preceding vehicle 
30 which is running ahead of the vehicle; 

a relative velocity detector to detect a relative velocity of the vehicle to the preceding vehicle; 
a vehicular velocity detector to detect a vehicular velocity of the vehicle; 

an inter-vehicle distance controlling section that calculates a target value of the vehicular velocity to make a 
detected value of the inter-vehicle distance substantially equal to a target value of the inter-vehicle distance on 
35 the basis of the detected value of the inter-vehicle distance and a detected value of the vehicular velocity; 

a vehicular velocity controlling section that controls the vehicular velocity to make the detected value of the 

vehicular velocity substantially equal to the target value of the vehicular velocity; 

a vehicular turning magnitude detector to detect a magnitude of turning of the vehicle; 

a correction coefficient calculating section that calculates a correction coefficient of the magnitude of turning in 
40 accordance with the detected value of the vehicular velocity; and 

a target vehicular velocity correcting section that corrects the target value of the vehicular velocity on the basis 
of the turning magnitude correction coefficient by which the detected value of the turning magnitude is cor- 
rected. 

45 2. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 1 , wherein the correction 
coefficient calculating section calculates the correction coefficient such that as the detected value of the vehicular 
velocity decreases, the correction coefficient becomes decreased. 

3. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 1 , wherein the target vehic- 
so ular velocity correcting section includes a vehicular velocity decrement variable calculator to calculate a vehicular 

velocity decrement variable which is increased as the correction coefficient of the magnitude of turning is increased 
and a vehicular velocity corrector to subtract the vehicular velocity decrement variable from the target value of the 
vehicular velocity to correct the target value of the vehicular velocity. 

55 4. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 1, wherein the vehicular 
turning magnitude detector comprises a lateral acceleration detector to detect a lateral acceleration of the vehicle. 

5. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 4,. wherein the correction 
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coefficient calculating section includes a lateral acceleration correction coefficient calculating section that calcu- 
lates a correction coefficient AY G on the lateral acceleration of the vehicle in accordance with the detected value Vs 
of the vehicular velocity. 

6. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 5, wherein the correction 
coefficient AY G on the lateral acceleration indicates a first predetermined value A Y G1 when the detected value of 
the vehicular velocity Vs ranges from zero to a first predetermined vehicular velocity V1, is reduced from the first 
predetermined value AY G1 at a first predetermined gradient when the detected value of the vehicular velocity Vs 
ranges from the first predetermined vehicular velocity VI to a second predetermined vehicular velocity V2, is 
reduced at a second predetermined gradient when the detected value Vs of the vehicular velocity ranges from the 
seccnd predetermined vehicular velocity V2 to a third predetermined vehicular velocity V3, and is reduced at a third 
p-t;tx?term ned gradient when the detected value of the vehicular velocity exceeds the third predetermined vehicu- 
lar velocity V2 

7. A vehc jia* velocity controlling apparatus for an automotive vehicle, as claimed in claim 6, wherein the third prede- 
termined yoo'cnt is smaller than both of the first and second predetermined gradients and the first predetermined 
g-ncie m »c larger than both of the second and third predetermined gradients. 

8. A veh»cjia* velocity controlling apparatus for an automotive vehicle, as claimed in claim 6, wherein the correction 
coef*.oent calculating section calculates the corrected value Y GC of the lateral acceleration of the vehicle as fol- 
ic** Y^. =tYJ..\Y G . 

9. A vehc Mr velocity controlling apparatus for an automotive vehicle, as claimed in claim 8, wherein the target vehic- 
ular veiocry correcting section includes: a target vehicular velocity decrement variable calculator to calculate a 
vehicular velocity decrement variable V D on the basis of the lateral acceleration corrected value Y G c when Y GC ^ 
0. the vehicular velocity decrement variable V D being zeroed when Y GC < 0; a converting section that converts the 
vehicular velocity variable V n into a vehicular velocity correction variable Vc which is a variation rate of the vehicular 
velocity per unit time; a subtractor to subtract the vehicular velocity correction variable Vc from a previous vehicular 
velocity command value V T (n - 1) to derive a previous corrected vehicular velocity command value V REG ; a com- 
parator to compare the previous vehicular velocity command value V REG with the target value of the vehicular 
velocity Vs tc determine whether V REG < V*s, V REG = Vs* , and V REG > Vs*; and a present vehicular velocity com- 
mand vaUe calculator to calculate a present vehicular velocity command value V T (n) as follows: 
V T (n) = V MLG ♦ AV a when V REG < Vs*, wherein AV A denotes an acceleration set vehicular velocity, 
V T< n ) = v he.g when v reg = Vs * ■ and V T( n ) = v reg " A v d when V REG < Vs *> wherein A V D denotes a decel- 
eration set venicular velocity. 

10. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 9, wherein the vehicular 
velocity controlling section controls an opening angle of an engine throttle valve, a gear position of a vehicular 
transmission, and a braking force to be exerted by a vehicular brake system on the basis of the present vehicular 
velocity command value V T (n) to make the detected value of the vehicular velocity substantially equal to the 
present vehicular velocity command value V T (n). 

11. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 9, wherein the vehicular 
velocity variable calculator calculates the vehicular velocity decrement variable V 0 in such a manner that as the lat- 
eral acceleration correction variable Y GC becomes large, the vehicular velocity decrement variable V D generally 
becomes large. 

12. A vehicular velocity controlling apparatus for an automotive vehicle, as claimed in claim 8, wherein the target vehic- 
ular velocity correcting section includes: a target vehicular velocity decrement variable calculator to calculate a 
vehicular velocity decrement variable V D on the basis of the lateral acceleration corrected value Y GC when Y GC is 
0. the vehicular velocity decrement variable V D being zeroed when Y GC < 0; a converting section that converts the 
vehicular velocity variable V D into a vehicular velocity correction variable Vc which is a variation rate of the vehicular 
velocity per unit time; a subtractor to subtract the vehicular velocity correction variable Vc from the target vehicular 
velocity V* calculate by the inter-vehicle distance controlling section to derive the corrected target vehicular velocity 
Vc* and wherein controls an opening angle of an engine throttle valve, a gear position of a vehicular transmission, 
and a braking force to be exerted by a vehicular bake system on the basis of the corrected target value of the vehic- 
ular velocity Vc* to make the detected value of the vehicular velocity substantially equal to the corrected target 
value Vc* of the vehicular velocity. 
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13. A vehicular velocity controlling apparatus for an automotive vehicle, comprising: 

inter-vehicle distance detecting means for detecting an inter-vehicle distance from the vehicle to a preceding 
vehicle which is running ahead of the vehicle; 

relative velocity detecting means for detecting a relative velocity of the vehicle to the preceding vehicle; 
vehicular velocity detecting means for detecting a vehicular velocity of the vehicle; 

inter-vehicle distance controlling means for calculating a target value of the vehicular velocity to make a 
detected value of the inter-vehicle distance substantially equal to a target value of the inter-vehicle distance on 
the basis of the detected value of the inter-vehicle distance and a detected value of the vehicular velocity; 
vehicular velocity controlling means for controlling the vehicular velocity to make the detected value of the 
vehicular velocity substantially equal to the target value of the vehicular velocity; 
vehicular turning magnitude detecting means for detecting a magnitude of turning of the vehicle; 
correction coefficient calculating means for calculating a correction coefficient of the magnitude of the vehicular 
turning in accordance with the detected value of the vehicular velocity; and 

target vehicular velocity correcting means for correcting the target value of .the vehicular velocity on the bas lS 
of the turning magnitude correction coefficient by which the detected value of the turning magnitude is cor- 
rected. 

14. A vehicular velocity controlling method for an automotive vehicle, comprising: 

detecting an inter-vehicle distance from the vehicle to a preceding vehicle which is running ahead of the vehi- 
cle; 

detecting a relative velocity of the vehicle to the preceding vehicle; 
detecting a vehicular velocity of the vehicle; 
25 calculating a target value of the vehicular velocity to make a detected value of the inter-vehicle distance sub- 

stantially equal to a target value of the inter-vehicle distance on the basis of the detected value of the mter-vehi- 
cle distance and a detected value of the vehicular velocity; 

controlling the vehicular velocity to make the detected value of the vehicular velocity substantially equal to the 
target value of the vehicular velocity; 
30 detecting a magnitude of turning of the vehicle: 

calculating a correction coefficient of the magnitude of turning of the vehicle in accordance with the detected 
value of the vehicular velocity; and . 
correcting the target value of the vehicular velocity on the basis of the turning magnitude correction coefficient 
by which the detected value of the turning magnitude is corrected. 
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